Introduction
Tissues are made of cells and a protein support, termed extracellular matrix (ECM). ECM contains a variable proportion of a large variety of matrix and non-matrix proteins. The latter consists of growth factors, inflammatory molecules, or immune soluble mediators. These proteins can be retained by ECM, thus acting as a reservoir for these important regulators. In this review, the term of ECM is restricted to intrinsic matrix proteins such as collagens (27 members), glycoproteins (fibronectin, laminin, vitronectin, tenascin, thrombospondin, SPARC for secreted protein acidic and rich in cysteine), proteoglycans (aggrecan, decorin, perlecan, syndecan and versican) and elastin. ECM composition notably influences its mechanical properties such as compliance, which, at least in part, regulates integrin biology. For example, collagen, especially when polymerized, increases the stiffness of the matrix support, compared with fibronectin.
ECM composition is regulated through synthesis and degradation. It is generally believed that, in tumors, the main cellular source of ECM is resident fibroblasts, even if virtually all types of cells may synthesize ECM proteins. Degradation is under control of many proteases among which metalloproteases (MMPs) have one of the most important role. MMP family consists in 23 members of Zn-dependent endopeptidases with variable spectrum of specificity, collagen and fibronectin being the main substrates. Synthesis and degradation often appear as two coordinated processes for ECM remodeling, resulting in precise mechanical properties (from stiff to soft) depending on the tissue function and organization.
Cells interact physically and functionally with ECM through transmembrane proteins termed integrins, which connect ECM to cell cytoskeleton (for review, see Desgrosellier and Cheresh, 2010) . Integrin proteins are heterodimers composed of an a-chain (18 types) and a b-chain (8 types) for a total of 24 combinations. Although a-chain is involved in ligand specificity, b-chain binds to cytoskeleton and transduces the signal from ECM to the cell (see below). Integrins can also be classified according to ligand specificity region. Thus, GFOGER, an amino peptide sequence contained in most collagen fraction, reacts with a2b1 integrin. RGD, a consensus sequence present in fibronectin and vitronectin, binds to avb3 and a5b1. Laminin receptors and leukocytes-specific receptors bind to a6b1 and a4b1, respectively, the latter being widely expressed in hematopoietic cells.
Upon binding, integrins gather together in membrane-specific region and recruits through their intracellular domains several coupling proteins, which form the focal adhesion complex. Among these proteins, focal adhesion kinase (FAK), a non-receptor tyrosine kinase, has a central role in transducing integrin-mediated signal through focal adhesion contact (for review, see Berrier and Yamada, 2007) . FAK and Src, another nonreceptor tyrosine kinase, control the recruitment of adaptor proteins that behave as molecular hubs for transducing integrin signals. Among them, the most important are p130Cas (BCAR1) and NEDD9 (neural precursor cell expressed, developmentally downregulated 9). Through these proteins, integrin engagement results in the activation of a vast spectrum of signaling pathways involving protein tyrosine kinase, small GTPase of the Rho family, as well as the activation of JNK, ERK and PI3K/Akt modules (for review, see Guo and Giancotti, 2004) . Strong evidences support the notion that not only FAK, but also integrin adaptors, have a role in cell transformation, tumor progression and chemoresistance (Cabodi et al., 2010) .
ECM-cell interaction acts in two ways. From ECM to the cell, in so far as it has been shown that integrinmediated signal is strongly influenced by spatial organization (2D versus 3D) and mechanical properties (stiff versus soft) of ECM support. In this context, integrins act as sensors of mechanical constraints generated by the microenvironment and which convey these informations to the cell. This 'outside-in' signaling may influence through FAK and other key regulators, important cellular functions such as proliferation, survival or motility. From the cell to ECM, in so far as it has been also shown that forces exerted on the cytoskeleton regulate, in turn, integrin-binding activity. This 'inside-out' signal reciprocally operates on ECM tension or 'tensigrity' as pioneered by DE Ingber (Ingber, 2003a, b) . According to this model, ECM-cell interaction is a dynamic process, which concerns not only cell machinery but also ECM biological properties (for review, see (Moore et al. 2010) ). Such mechanotransduction-based mechanisms are involved in tissue homeostasis, embryogenesis, wound healing and carcinogenesis. It has been shown that proliferation of cells cultured in 2D on matrix depends not only on support compliance (stiffness being generally associated with proliferation), but also depends on the type of integrin engaged. Thus, a5b1, a1b1 or avb3 trigger cell proliferation through a Shc/Ras/ERK module, whereas a2b1, a3b1, or a6b1 activation results in cell growth inhibition, eventually associated with cell differentiation or even programmed cell death (Kubota et al., 1988; Varner et al., 1995; Sastry et al., 1996; Wary et al., 1996) .
However, cellular functions mostly affected by ECM-cell interaction are adhesion, migration and invasiveness. The decrease in integrin function results in reduced adhesion and ultimately to cell detachment. In non-transformed cells, cell detachment results, in turn, in a type of programmed-cell death termed anoıkis. This has been described in normal epithelial and endothelial cells, whereas tumor cells are most often resistant to anoıkis (for review, see Frisch and Ruoslahti, 1997) . Anoıkis may also be facilitated by the loss of cell-to-cell contacts following dissociation of the cadherin-catenin complexes (Fouquet et al., 2004; Hofmann et al., 2007; Lugo-Martinez et al., 2009) . This observation strengthens the notion that anoıkis activation is a more general process for preventing inappropriate cell detachment, and, for this reason, considered as a tumor suppressor mechanism. However, some cells are resistant to anoıkis, and thus may detach while remaining alive. Resistance to anoıkis can be related to intrinsic cellular defects or external signals. Among the former, FAK overexpression or constitutive activation, and ERK deregulation, may indeed contribute to protection against anoıkis (Frisch et al., 1996; Howe et al., 2002) . Alternatively, external signals may also regulate anoıkis. For example, it has been shown that some specific laminin domains, laminin-proteoglycan complexes or collagen IV are highly efficient to block anoıkis (Weber et al., 2008; Salo et al., 2009; Munoz et al. 2010) . Resistance to anoıkis is a prerequisite for epithelial-mesenchymal transition, and acquisition of invasion capacity.
Normal cells, but even more, tumor cells are subjected to different forms of stress, including radical oxygen species production, ischemia, starvation, mechanical stress, genotoxic insults or irradiation. It has recently emerged that cellular stress may affect ECM remodeling and integrin biology, and subsequently may deregulate virtually all the processes described above. The influence of the redox balance on ECM-cell interaction has been recently reviewed (Chiarugi, 2008) . We review below the influence of other forms of stress on ECM composition, integrin expression and activity, cellular signaling and possible modifications of cellular functions.
Hypoxia
The role of hypoxia on ECM remodeling was mainly investigated in the biology of vessels and vascular diseases. One should also consider the effect of hypoxia in tumors as far as hypoxemia is one of the major parameter influencing tumor formation. Moreover, neoangiogenesis implies intense production of matrix framework, which is required for vessel formation and expansion.
Impact of hypoxia on ECM remodeling
Thus, hypoxia activates collagen synthesis (notably collagen I) in periarterial smooth muscle cells. Abnormal collagen metabolism has been involved in arterial stiffness (Ishikawa et al., 2005) , a risk factor for arteriosclerosis, arterial and pulmonary hypertension (Gong et al., 2004) . Similar observations have been reported for fibroblasts through a post-transcriptional mechanism (Horino et al., 2002) . Hypoxia also facilitates the accumulation of syndecan-4 in lung cancer cells (Koike et al., 2004) . Hypoxia stimulates the production of galectin-1, a lactose-binding lectin, which enhances cell-to-ECM adhesion and contributes through this mechanism to hypoxia-induced pulmonary hypertension in mice (Case et al., 2007) . Hypoxia facilitates the production of fibronectin in brain capillaries, in parallel with overexpression of integrin a5b1 (Milner et al., 2008) . In this context, hypoxemia operates through HIF (Hypoxia Inducible Factor) transcription factor (Myllyharju and Schipani, 2010) . However, hypoxia may also influence ECM degradation through production of MMPs, such as described in breast cancer cells (Munoz-Najar et al., 2006) or in hepatoma cells through HIFa (Miyoshi et al., 2006) . The influence of hypoxia on MMP production has been also suggested in vivo in human carcinoma xenografts (Miyazaki et al., 2008) .
Impact of hypoxia on integrin expression and function
Hypoxia may also affect integrin biology. For example, hypoxia enhances b1 expression through a HIFamediates transcriptional mechanism in fibroblasts , a5b1 in endothelial cells (Milner et al., 2008) , avb3 in placenta (Cowden Dahl et al., 2005) , b2 in leukocytes (Kong et al., 2004) , or avb5 in endothelial cells (Walton et al., 2000) . HIF was also found to control the expression of NEDD9 in colorectal carcinoma cells (Kim et al. 2010 ). HIF might not be the unique factor by which hypoxia regulates integrin expression. The other oxygen sensor VHL was also shown to regulate a5 (Wykoff et al., 2004) . Hypoxia also influences integrin function either by increasing b1 activity (Blaschke et al., 2002) or by facilitating the recruitment of avb3 and avb5 integrins (Skuli et al., 2009) . Another study showed that hypoxia induced FAK activation by increasing b1 expression (Lee et al. 2011) . Finally, hypoxia may also modulate cell adhesion through integrin-independent mechanisms. For example, it augments expression of some selectin ligands (such as Lewis), thereby facilitating endothelial cell adhesion to E-selectin (Koike et al., 2004) .
Functional consequences
Based on these considerations, it is not surprising that hypoxia favors ECM-cell or cell-to-cell contacts as shown between tumor cells and endothelial cells (Koike et al., 2004) . The impact of hypoxia on integrin biology could explain why it could protect cells against anoıkis (Rohwer et al., 2008; Lee et al., 2009 ) and contribute to cancer invasion and metastasis (Sullivan and Graham, 2007) .
Mechanical stress
Many cells, particularly vascular system cells, are submitted to intense mechanical stress of different mechanisms such as shear, stretch, or hydrostatic pressure. In cancer, mechanical stress has an important role in tumor spatial organization and expansion, but may also affect intrinsic tumor cell function. Indeed, tumor cells are subjected to high hydrostatic pressure due to high cellular density, intense stroma reaction and limited space to expand. These mechanical forces are sensored by integrins and informations are transmitted to the cell with important consequences for ECM and integrin biology (for review, see Schwartz and DeSimone, 2008) . For example a pressure variation of 15 Torr is enough to increase cellular adhesiveness through a a5b1/FAK/Src module Schwartz and DeSimone, 2008 . Moreover, it has been reported that stretching fibroblasts cells caused the binding of focal contact proteins containing paxillin, FAK and p130Cas (Sawada and Sheetz, 2002) . In spite of its evident interest, this field of tumor cell biology has not received great attention. It is possible that investigators have been discouraged by the fact that the scientific community remains suspicious about the pertinence of the models used (2D cell culture on support with variable compliance, cell culture in 3D milieu or 3D-spheroid culture). These approaches have still demonstrated that 3D cell-to-matrix interaction implicates different integrin-mediated protein recruitment in focal adhesion zone, and different signaling pathways, as compared with 2D culture (Cukierman et al., 2001 ). This suggests that spatial organization may greatly influence cell-to-ECM functional interaction (for review, see Zamir and Geiger, 2001 ).
Impact of mechanical stress on ECM remodeling
Previous studies have reported that the magnitude of collagen or fibronectin synthesis in fibroblasts cultured on a 2D collagenic support depends on its degree of relaxation (Lambert et al., 1992) . Similar observations were made with tenascin (Chiquet, 1999) . In the latter study, the investigators identified a common 5 0 -GA GACC-3 0 sequence, target of mechanotranduction, whatever the support used (Chiquet, 1999) . More recently, it has been described that 3D culture of fibroblasts in fibrillar collagen results in increased ECM synthesis (Kessler et al., 2001) and that a2b1 regulates this mechanism (Eckes et al., 2006) . In fact, most integrins can also activate such 'secretory' profile in fibroblasts cultured on rigid support, including those binding to the RGD sequence (Kock et al., 2009 ). This phenomenon is not restricted to fibroblasts and may also occur for example in chondrocytes (Lahiji et al., 2004) . In tumor cells, Tannock and co-workers have shown that multilayer culture of carcinomatous cells resulted in ECM accumulation, collagen being the most representative (for review, see Minchinton and Tannock, 2006) . Horning et al. have reported increased collagen production in spheroids, compared with 2D culture (Horning et al., 2008) . It is important to note that spatial organization of the cell culture may result in the deregulation of other proteins than ECM, such as growth factors, angiogenic mediators, chemokines, immune regulators (Ghosh et al., 2005; Oswald et al., 2006) , or ECM-degrading enzymes such as MMP-9 (Cha and Purslow, 2010) and MMP-13 (De Croos et al., 2010) .
Impact of mechanical stress on integrin expression and function
Mechanical stress may increase integrin expression. Thus, compared with 2D culture, 3D culture resulted in increased expression of a5b1 in fibroblasts and chondrocytes (Takahashi et al., 2003; Hannafin et al., 2006) , b1 subunit in gliomas and breast cancer cells, or a6 in chondrosarcoma (Demou, 2010) .
Mechanical stress may also influence integrin activity. Thus, Schwartz's group has described that avb3 engagement on fibronectin resulted in increased binding activity, supporting the concept of 'inside-out' transduction of mechanical forces (Katsumi et al., 2005) . The modulation of integrin activity is specific for the substrate (for example, a5b1 for fibronectin or a2b1 for collagen) (Orr et al., 2006) . Mechanical stress may also affect b1 subunit activity, at least in fibroblasts (Wen et al., 2009) .
Functional consequences
Thus, it is not surprising that mechanical stress may greatly influence many cellular functions. For example, 2D culture of glioma cells on matrix support of variable compliance showed that low compliance (stiffness) favors migration and proliferation (Ulrich et al., 2009) . Similarly, Provenzano et al., using a 3D culture model of non-transformed mammary epithelial cells, showed that matrix compliance greatly influences cellular phenotype, for example, facilitated proliferation and migration. This suggests that mechanical stress may positively act on normal cells, an important finding in the perspective of carcinogenesis (Provenzano et al., 2009) . In vessels, avb3 or avb5 activation by vitronectin results in smooth muscle cell proliferation, this mechanism contributes to arteriosclerosis (for review, see Shyy and Chien, 1997) .
Genotoxic stress

Impact of anti-cancer agents on ECM remodeling
The influence of drugs on ECM composition is not unique. On one hand, anti-cancer agents reduce the synthesis of some ECM components, including collagen, fibronectin or proteoglycan (Sasaki et al., 1987; Jikko et al., 1996; Muszynska et al., 2001) . However, these agents stimulate lysyl oxidase and subsequent collagen polymerization (Di Donato et al., 1997) . Moreover, drugs as well as ionizing radiations also induce the secretion of TGFb, a cytokine with potent pro-fibrotic action (Ise et al., 2004) . This could contribute to the mechanism of complications of anti-cancer therapy such as clinically documented anthracycline-induced nephrotoxicity or retroperitoneal fibrosis induced by ionizing radiation. Moreover, some drugs, such as anthracyclines, may favor ECM remodeling by stimulating MMP production, such as documented for MMP-2 or MMP-9 in cardiac myocytes (Kizaki et al., 2006) . This could explain the loss of heart collagen mass in doxorubicintreated animals, one of the features of anthracyclininduced cardiotoxicity. In agreement with this observation, MMP overproduction has been also described in multidrug-resistant (MDR1) tumor cells (Song et al., 2009) .
Ionizing radiation may also stimulate MMP production in tumor cells, as described for MMP-9 in a hepatoma model, resulting in the stimulation of invasive capacity (Cheng et al., 2006) .
Impact of anti-cancer agents on integrin expression and function
Very little is known about the impact of anti-tumor agents on integrin biology. However, some observations suggest that, these agents might influence focal adhesion zone formation (Repesh et al., 1993) as well as phosphorylation of FAK (Repesh et al., 1993; van Nimwegen et al., 2006) , p130Cas and paxillin (Beinke et al., 2003) . This could explain the anti-metastasis properties of some anti-cancer drugs such as anthracyclines (Repesh et al., 1993) . Conversely, as it is suggested by the MDR cell profile, chronic exposure to drugs may result in reduced integrin expression and function with significant consequences on cell adhesion and migration (Duensing et al., 1996; Liang et al., 2001; Kozlova et al., 2004) . However, Damiano et al. have described increased expression of a4b1 in a model of multiple myeloma cells selected for their resistance to melphalan (Damiano et al., 1999) .
Role of ECM to stress cellular response: the concept of cellular adhesion-mediated drug resistance The interaction between ECM and cells in the context of genotoxic stress is reciprocal. Indeed, several works, including the pioneering studies coming from W. Dalton and his group, have provided robust evidences that ECM may seriously interfere with cell proliferation and survival control and subsequently, with drug-induced cytotoxic effect, thus defining so-called 'cellular adhesion-mediated drug resistance' or CAM-DR (Damiano et al., 1999) . It should be noted that CAM-DR has been mainly studied in myeloma cells cultured on a 2D fibronectin support and treated with chemotherapy. Later, the concept has been extended to ionizing radiation (Cordes et al., 2006; Monferran et al., 2008) and to other cell types, including leukemia, lymphoma or lung carcinoma (Bendall et al., 1998; Sethi et al., 1999; Estrugo et al., 2007) . However, CAM-DR has been also demonstrated in vivo in a mouse model of human leukemia (Matsunaga et al., 2003) .
The mechanism by which CAM-DR acts is not unique. First, cellular adhesion results in cellular protection by deregulating Bcl2 expression, stimulating PI3K/AKT and NFkB pathways, or by inactivating p53 (Hazlehurst et al., 2000; Landowski et al., 2003) . It also implies drug transport abnormalities (Schuetz and Schuetz, 1993) or decreased drug-induced DNA damage (Hoyt et al., 1996) . However, the main mechanism, which indeed deals with most drugs, is the negative regulation of proliferation control due to the induction of p27/Kip1, one of the main regulators of G1/S transit (Hazlehurst et al., 2000) . CAM-DR and its role in the function of tumor microenvironment have been recently reviewed (Meads et al., 2008) . It is interesting to note that a role of p27 has been also attributed in drug resistance in a 3D model of mouse mammary tumor cells (St Croix et al., 1996) .
Integrins involved in CAM-DR have also been examined. VLA4 (a4b1) appears to mediate p27 regulation and CAM-DR in myeloma cells cultured on fibronectin, suggesting that other domains than RGD are involved (Hazlehurst et al., 2000) . CAM-DR represents a promising approach for pharmacological interventions based on the inhibition of integrin-dependent signaling by statin (Schmidmaier et al., 2004) , integrin expression by Bortezomib (Noborio-Hatano et al., 2009) or integrin-ECM binding by small molecules such as FNIII14 interfering with attachment to fibronectin (Matsunaga et al., 2008) . Finally, it is important to note that, not only cell-tomatrix, but also cell-to-cell interaction may protect cells against drugs, and that gap-junction poisons, such as carbenoxyolone may act as chemosensitizers (Westhoff et al., 2008) .
Whatever the place of CAM-DR in molecular pharmacology, several important questions remain unsolved. For example, it is unclear whether supports less compliant than fibronectin could have a similar role. It is also uncertain whether CAM-DR takes place in a 3D milieu. Finally, CAM-DR might depend on the integrin equipment, and therefore, on cell type.
Role of ECM on anti-tumor drug distribution
Another interface between ECM and genotoxic agents is the impact of ECM composition on drug diffusion and distribution. Indeed, 3D culture models (multilayer cultures, spheroids and xenograft) have shown that not only these models favor ECM synthesis, but also that ECM thus accumulated in the intercellular spaces, alters the biodiffusion of drugs (Horning et al., 2008) or immunoglobulins (Netti et al., 2000) . Based on the latter observation and others coming from the group of R Jain, one can speculate that ECM density and composition (with a special mention for collagen distribution) should greatly influence the efficacy of monoclonal antibodies, such as trastuzumab or Rituximab. Surprisingly, this important question has received for the moment very little attention.
Ultraviolet (UV) stress
Impact of UV on ECM remodeling Solar irradiation is an important source of stress for keratinocytes, and represents the main contributor for photocarcinogenesis and photoageing. The effect of UV on ECM has been largely documented a long time ago, as the loss of collagen I mass, considered as one of the striking features of photoageing. However, the mechanism of UV action is complex. Thus, UV inhibits collagen I synthesis in dermal fibroblasts by interfering with the TGFb/smad module, a critical component of collagen I regulation in these cells (Quan et al., 2004) . However, UV influence the proportion of collagen III, a fraction, which is more rigid and more resistant to degradation, compared with collagen I (Kligman et al., 1989) . UV also increase fibronectin biosynthesis (Boyer et al., 1992, personal results) . UV stimulate the synthesis of fibromodulin, a protein involved in collagen I assembly (Iovine et al., 2009) and that of clusterin, a protein, which is involved in elastin assembly (Janig et al., 2007) . In parallel UV activate a wide spectrum of ECMdegrading enzymes, including MMP-1, MMP-3 and MMP-9. All these UV effects might contribute to collagen I diminution and its replacement by other more rigid ECM components, which confer to the skin decreased elasticity and strength, two major characteristics of photoageing (Hazane et al., 2005) . Moreover, our results showed that, in non-transformed keratinocytes, UV or oxidative stress activates synthesis and secretion of granzyme B (GrB), a serine-protease normally concentrated in cytotoxic granules contained in immune effector cells such as activated T or NK cells (Hernandez-Pigeon et al., 2006 . In the context of UV irradiation, GrB acts as an exoenzyme cleaving fibronectin at the RGD site (Buzza et al., 2005) . Based on GrB activity spectrum, it is also likely that UV-produced GrB cleaves other ECM components such as vitronectin, laminin, and proteoglycans (Buzza et al., 2005) .
Impact of UV on integrin expression and function
Previous studies indicate that UV may also interfere with integrin biology. Thus, UV activate gene expression of a2, a1 and a5 in skin mice (Kligman et al., 1999) , as well as they stimulate the activity of b1 subunit in fibroblasts and of a2b3 dimer in platelets (Verhaar et al., 2008) .
Functional consequences
Few studies have addressed the functional consequences of UV stress. However, it has been described that UV increases adhesion of melanocytes to fibronectin through a5b1 and avb3, this mechanism limits migration (Neitmann et al., 1999) . Conversely, UVB favor Influence of stress on ECM and integrin biology C Jean et al retina cell migration through deregulation of MMP-2 and MMP-9 (Yao et al., 2009) .
Surprisingly, very few studies have addressed the role of ECM remodeling in cell detachment to the matrix and subsequent cell death in the context of UV stress. This question is still important in the perspective of photocarcinogenesis as one can speculate that irradiated cell clearing-off should prevent accumulation of cells containing damaged DNA and subsequent risk of malignant transformation. Previously, we have described that, upon UVA activation, GrB-induced cleavage of fibronectin resulted not only in the detachment of normal keratinocytes from a 2D fibronectin support, but also in cell death (anoıkis) (HernandezPigeon et al., 2007) . However, when these cells were cultured in a 2D collagen support, then irradiated, not only they remained alive, but they also accelerated their invasion as single cells through the collagen milieu (Jean et al., 2009) . In a recently published study, these intriguing observations were, at least partially, elucidated. First, UV induces the loss of cell-to-cell contacts through the dissociation of catenin/E-cadherin complexes, thus facilitating single cell invasion. Second, UV stimulates the production of MMP-1, a potent collagenase, thus facilitating invasion through the collagenic milieu (Jean et al., 2009) . Furthermore, these two mechanisms appeared finely coordinated by a common molecular mechanism consisting of the phosphorylation of b-catenin on tyrosine 654 site (Jean et al., 2009 ). The differences of behavior between cells cultured on fibronectin and collagenic support (detachment versus migration) illustrate the functional importance of ECM composition and integrin equipment.
Stress, ECM and integrin biology: towards a model Most conditions of stress induce intense ECM remodeling and changes in integrin expression and/or functions.
Striking similarities exist between different sources of stress. With few exceptions, stress favors accumulation of less compliant ECM components and concomitant increase in integrin function, all events converging to more rigidity and adhesion. Functional consequences of these modifications are neither unique, nor largely documented and most often complex. However, based on above findings and considerations, it appears that three modalities of response have been described (see Figure 1 ). In the first modality of response, modification of cell-to-matrix interactions confers cellular protection or even higher proliferation. This 'positive' response can be associated with increased migration and invasiveness. As a second modality of response, it could also happen that cell-to-ECM interaction results in transitory cell growth arrest, as it has been documented in the context of CAM-DR. This modality of response may also represent an advantage for survival in the context of genotoxic stress or starvation. As a third modality of response, stress stimulates ECM-degrading enzyme production, resulting in ECM dislocation or 'excision' of integrin site (such as RGD for GrB) and subsequent detachment of cells from their supports. In turn, detached cells may die from anoıkis or migrate if they are rendered resistant to anoıkis. Whatever the complexity of these processes, the orientation of the cellular response depends on stress intensity, matrix composition and mechanotranduction.
Future directions in tumor biology and anti-cancer therapy In this review, we have not considered other forms of stress, which potentially may interfere with ECM remodeling and integrin biology in tumor cells. Thus, Sood et al. have described a fascinating model of mice submitted to a chronic behavorial stress consisting of physical restraint. In these studies, the authors showed Influence of stress on ECM and integrin biology C Jean et al that this form of stress resulted in deregulated MMP production through catecholamines synthesis in an orthothopic human ovarian carcinoma xenograft (Thaker et al., 2006) . More recently, this group has described that, in the same model, catecholamines accumulation resulted in FAK activation responsible for tumor progression (Sood et al., 2010) . These observations raise the possibility that hormonal deregulation as commonly observed in many pathological situations or ageing, may create favorable conditions for tumor initiation and progression by modifying integrin biology. As cancer therapy is concerned, the connections between stress, integrin biology and chemoresistance are not limited to CAM-DR. Indeed, as described above, many forms of stress may directly stimulate the function of FAK and integrin adaptors, which thus represent potential targets for chemosensitization (Ta et al., 2008; Thao le et al., 2009 ). This question is of special interest since the introduction of FAK inhibitors, specific Walsh et al., 2010) or not, such as some cyclooxygenase-2 inhibitors (Casanova et al., 2008) .
To conclude, it appears that sublethal stress may greatly influence major cellular function by modifying the spatial interaction between tumor cells and ECM. Although this field raises fascinating perspectives, it is still limited by experimental models (not only animal models but 3D in vitro system) and the difficulty to visualize the dynamic of mechanotransduction in a 3D organization.
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